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(54) Combustion chamber for gas turbine engine 

(57) A combustion chamber suitable for a gas tur- 
bine engine is provided with at least one Helmholtz res- 
onator having a resonator cavity and a damping tube in 



flow communication with the chamber interior. The 
damping tube is provided with at least one cooling hole 
extending through its wall for improved damping and 
cooling. 
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Description 

[0001] This invention relates to combustion chambers 
for gas turbine engines, and in particular concerns lean 
burn, low emission combustion chambers having one or 
more resonator chamber for damping pressure fluctua- 
tions in the combustion chamber in use. 
[0002] Lean bum, low emission gas turbine engine 
combustors of the type now being developed for future 
engine applications have a tendency, under certain op- 
erating conditions, to produce audible pressure fluctua- 
tions which can cause premature structural damage to 
the combustion chamber and other parts of the engine. 
These pressure fluctuations are audible as rumble 
which occurs as a result of the combustion process. 
[0003] Pressure oscillations in gas turbine engine 
combustors can be damped by using damping devices 
such as Helmholtz resonators, preferably in flow com- 
munication with the interior of the combustion chamber 
or the gas flow region surrounding the combustion 
chamber. 

[0004] The use of Helmholtz resonators has been pro- 
posed in a number of earlier published patents including 
for example US-A-5 ,644,91 8 where a plurality of reso- 
nators are connected to the head end, that is to say the 
upstream end, of the flame tubes of an industrial gas 
turbine engine combustor. This type of arrangement is 
particularly suitable for industrial gas turbine engines 
where there is sufficient space at the head of the com- 
bustor to install such damping devices. The combustor 
in a ground based engine application can be made suf- 
ficiently strong to support the resonators and the vibra- 
tion loads generated by the resonators in use. This ar- 
rangement is not practicable for use in aero engine ap- 
plications where space, particularly in the axial direction 
of the engine, is more limited and component weight is 
a significant design consideration. 
[0005] A different approach to combustion chamber 
damping is therefore required for aero engine applica- 
tions where space is more limited and design con- 
straints require that the resonators are supported with 
respect to the combustion chamber without adding ap- 
preciably to the weight of the combustion chamber itself. 
[0006] According to an aspect of the present invention 
there is provided a combustion chamber for a gas tur- 
bine engine comprising at least one Helmholtz resona- 
tor having a resonator cavity and a damping tube in flow 
communication with the interior of the combustion 
chamber, the tube having at least one cooling hole ex- 
tending through the wall thereof. 
[0007] The above arrangement provides for cooling 
of the damping tube of a Helmholtz resonator in flow 
communication with the interior of the combustion 
chamber. This can prevent overheating of the damping 
tube particularly in the region towards the end of the tube 
which opens into the interior of the combustion chamber 
The present inventors have also found that the cooling 
hole or holes provides for improved damping perform- 



ance of the Helmholtz resonator. It is to be understood 
that the term "cooling hole" used herein refers to any 
type of aperture through which cooling air or other fluid 
can pass. 

5 [0008] In preferred embodiments, a plurality of cool- 
ing holes are provided in the wall of the tube. In this way 
it is possible to more uniformalty cool the interior surface 
of the tube, particularly in embodiments where the holes 
are circurnferentially spaced in one or more rows ex- 

10 tending around the circumference of the tube. By spac- 
ing the cooling holes in this way it is possible to generate 
a film of cooling air on the interior surface of the tube 
wall in the region of the combustion chamber opening. 
This is particularly important since the film can protect 

is the tube from the effects of the high temperature com- 
bustion gases entering and exiting the damping tube 
during unstable combustor operation. 
[0009] Preferably, the combustion chamber compris- 
es a plurality of axially spaced rows of cooling holes. By 

20 having two or more rows of cooling holes greater cooling 
efficiency can be achieved. 

[0010] in preferred embodiments, the holes are an- 
gled with respect to the longitudinal axis of the tube. This 
can prevent separation of the cooling air passing 

25 through the holes from the interior surface of the tube in 
the region of the holes. This arrangement also promotes 
flow of cooling air in the longitudinal direction of the tube. 
[0011] Preferably the holes are angled in a direction 
towards the combustion chamber end of the tube such 

30 that the respective axis of the holes converge in the di- 
rection of the combustion chamber. In this way the cool- 
ing air generates a film of cooling air between the holes 
and the end of the tube in the region of the combustion 
chamber opening. 

35 [0012] Preferably the angle of the holes with respect 
to the longitudinal axis is in the region of 20-40 degrees. 
This promotes the generation of a cooling film on the 
interior surface of the wall and can avoid flow separation 
of the air entering the tube through the cooling holes. In 

40 one embodiment the angle of the holes with respect to 
the longitudinal axis is about 30 degrees. 
[0013] In preferred embodiments, the holes are addi- 
tionally angled with respect to the tube circumference, 
that is to say with respect to a line tangential to the tube 

45 at the positions of the respective holes on the tube cir- 
cumference. In this way it is possible to induce a vortex 
flow of cooling air on the interior surface of the tube as 
the cooling air passes into the combustion chamber. 
This is particularly beneficial in terms of cooling the in- 

50 terior surface of the tube. 

[0014] In preferred embodiments the holes have a 
tangential component substantially in the range of 30-60 
degrees with respect to the tube circumference. By an- 
gling the holes with respect to the tube circumference 

55 by this amount it is possible to generate a steady vortex 
flow on the interior surface of the tube. In a prefened 
embodiment the angle of the holes with respect to the 
tube circumference is in the range of 40-50 degrees with 
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respect to the tube circumference. In further preferred 
embodiment the angle is substantially about 45 de- 
grees. 

[0015] According to another aspect of the invention 
there is provided a Heimhottz resonatorfora gas turbine 
engine combustion chamber; the said resonator having 
a resonator cavity and a damping tube for flow commu- 
nication with the interior of the combustion chamber, the 
tube having at least one cooling hole extending through 
the wall thereof. The invention contemplates a Helm- 
holtz resonator in which the damping tube comprises at 
least one cooling hole and also a combustion chamber 
including such a resonator. 

[0016] According to another aspect of the invention 
there is provided a combustion chamber for a gas tur- 
bine engine comprising at least one Heimhottz resona- 
tor having a cavity and a damping tube in flow commu- 
nication with the interior of the combustion chamber, the 
said at least one resonator being supported with respect 
to the combustion chamber independently of the com- 
bustion chamber. This aspect of the invention is partic- 
ularly suitable for gas turbine aero engine applications 
where the combustion chamber is not a structural com- 
ponent as such, in the sense that it does not support 
structural loads of the engine, and is constructed as a 
relatively lightweight component. By supporting the res- 
onator or resonators independently of the combustion 
chamber strengthening of the combustion chamber can 
be avoided This aspect of the invention recognises that 
the resonator or resonators can be more readily sup- 
ported by more appropriate structural components of 
thetengine or engine combustion section. 
[0017] According to a further aspect of the invention 
there is provided a gas.turbine engine combustion sec- 
tion including a combustion chamber, a combustion 
chamber inner casing and a combustion chamber outer 
casing; the said combustion chamber comprising at 
least one Helmholtz resonator having a cavity and a 
damping tube in flow communication with the interior of 
the combustion chamber, the said at least one resonator 
being supported with respect to the combustion cham- 
ber independently of the combustion chamber by the 
said combustion chamber inner casing or the said outer 
casing. Supporting the resonator or resonators by the 
combustion chamber inner casing or outer casing of a 
gas turbine engine, it is possible that no significant 
strengthening of Ihe combustion chamber, inner casing 
or outer casing is required. In this way it is possible to 
support both the weight and the operational loads, static 
and dynamic, using existing engine structural compo- 
nents in the region of the combustion chamber. The 
combustion chamber is not subject therefore to further 
loads and therefore may be of a similar weight and di- 
mensions to that of traditional combustors. 
[0018] In one preferred embodiment the resonator or 
resonators is/are supported by the outer casing with the 
resonator(s) positioned on the radially outer side of the 
combustion chamber. In other embodiments the reso- 
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nator(s) is/are supported by the inner casing with the 
resonator(s) positioned on the radially inner side of the 
combustion chamber. The invention contemplates em- 
bodiments where the resonators are positioned on the 

5 radially outer side of the combustion chamber and con- 
veniently supported by, or fixed to, the combustion 
chamber outer casing, and also embodiments where the 
resonators are on the radially inner side of the combus- 
tion chamber and supported both directly or indirectly 

10 by the combustion chamber inner casing. In other em- 
bodiments different resonators may be positioned on 
both the radially inner and outer sides of the combustion 
chamber. The invention therefore provides various op- 
tions to the gas turbine engine designer when position- 
's ing the resonators. This may be an important design 
consideration due to space constraints in the combus- 
tion section of the gas turbine engine. 
[0019] In embodiments where at least one resonator 
is supported by the inner casing and the resonator is 

20 positioned on the radially inner side of the combustion 
chamber, the resonator(s) may be enclosed within a 
cavity provided between the inner casing and a windage 
shield on a radially inner side of the inner casing. 
[0020] The windage shield is a particularly important 

25 feature in embodiments where the resonators are posi- 
tioned on the radially inner side of the combustion cham- 
ber as this can place the resonators close to the main 
engine shaft or shafts. The windage shield can therefore 
reduce windage losses which would otherwise occur 

30 due to the close proximity of the resonators to the engine 
shaft. The windage shield can also provide a contain- 
ment structure to prevent secondary damage to the en- 
gine in the event of loss of structural integrity of any of 
the resonators secured to the combustion chamber in- 

35 ner casing. 

[0021] According to a further aspect of the invention 
there is provided a gas turbine engine combustion sec- 
tion including a combustion chamber and at least a com- 
bustion chamber inner casing; the said combustion 

40 chamber comprising at least one Helmholtz resonator 
having a cavity and a damping tube in flow communica- 
tion with the interior of the combustion chamber, the said 
at least one resonator being at least partially enclosed 
within a cavity provided between the said inner casing 

45 and a windage shield on a radially inner side of the said 
casing. 

[0022] In preferred embodiments the resonators are 
enclosed within the cavity provided between the com- 
bustion chamber inner casing and the windage shield. 

so Preferably the resonators are circumferential ly spaced 
around the combustion chamber. 
[0023] According to another aspect of the invention 
there is provided a combustion chamber for a gas tur- 
bine engine comprising a plurality of Helmholtz resona- 

55 tors each having a cavity and a damping tube in flow 
communication with the interior of the combustion 
chamber, the said resonators being circumferentially 
spaced around the combustion chamber with the re- 
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spective cavities of diametrically opposed resonators 
having substantially different volumes. This is particu- 
larly significant since it can prevent or at least reduce 
the formation of coupled acoustic nodes in the combus- 
tion chamber. In preferred embodiments this can be 
achieved by positioning the resonators circumf erentially 
around the combustion chamber with the cavities of the 
respective resonators having successively smaller vol- 
umes. In this way it will be understood that the cavity 
having the largest volume will be positioned next to the 
cavity having the smallest volume. 
[0024] In a further aspect of the invention there is pro- 
vided a combustion chamber for a gas turbine engine 
comprising at least one Helmholtz resonator having a 
resonator cavity and a damping tube in flow communi- 
cation with the interior of the combustion chamber, the 
said cavity having substantially similar principle dimen- 
sions. For efficient performance, the three principle di- 
mensions, ie length, breadth and width of the cavities 
should be substantially the same. This can be achieved 
in principle when the cavities have a substantially spher- 
ical or cubic shape. 

[0025] In a further aspect of the invention there is pro- 
vided a combustion chamber for a gas turbine engine of 
the type having a plurality of heat shield type tiles lining 
the interior surface of the combustion chamber; the 
combustion chamber comprising at least one Helmholtz 
resonator having a cavity and a damping tube in flow 
communication with the interior of the combustion 
chamber with the tube having an opening in the interior 
of the combustion chamber substantially flush with the 
interior surface of the tiled lining. In embodiments where 
the combustion chamber has a lining on its interior sur- 
face made up of heat resistant tiles it is desirable that 
the resonator tube or tubes extend into the combustion 
chamber so that the openings of the tube or the tubes 
in the interior of the chamber is/are substantially flush 
with the interior facing surfaces of the tiles. 
[0026] For the avoidance of doubt the term "combus- 
tion chamber" used herein is used interchangeably with 
the term "combustor" and reference to one include ref- 
erence to the other. 

[0027] Various embodiments of the invention will now 
be more particularly described, by way of example only, 
with reference to the accompanying drawings in which: 

Figure 1 is an axisymmetric view of a gas turbine 
engine combustion chamber showing a Helmholtz 
resonator in flow communication with the interior of 
the chamber; 

Figure 2 is a cross sectional view of the gas turbine 
engine combustion section shown in Figure 1 along 
the line I III; 

Figure 3 is a cross section view of the damping tube 
of the resonator along the lines Ill-Ill in the drawing 
of Figure 1 ; 

Figure 4 is a cross section view of the damping tube 
shown in Figure 3 along the line IV-I V in the drawing 
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of Figure 3; and 

Figure 5 is a perspective view of the damping tube 
showing the beam paths of a laser in a process of 
laser drilling cooling holes in the tube wall. 

5 

[0028] Referring to Figure 1 , the combustion section 
10 of a gas turbine aero engine is illustrated with the 
adjacent engine parts omitted for clarity, that is the com- 
pressor section upstream of the combustor (to the left 

10 of the drawing in Figure 1 ) and the turbine section down- 
stream of the combustion section. The combustion sec- 
tion comprises an annular type combustion chamber 12 
positioned in an annular region 1 4 between a combus- 
tion chamber outer casing 1 6, which is part of the engine 

is casing structure and radially outwards of the combus- 
tion chamber, and a combustion chamber inner casing 
18, also part of the engine structure and positioned ra- 
dially inwards of the combustion chamber 12. The inner 
casing 16 and outer casing 18 comprise part of the en- 

20 gine casing load bearing structure and the function of 
these components is well understood by those skilled in 
the art. The combustion chamber 12 is cantilevered at 
its downstream end from an annular array of nozzle 
guide vanes 20, one of which is shown in part in the 

25 drawing of Figure 1 . In this arrangement the combustion 
chamber may be considered to be a non load bearing 
component in the sense that it does not support any 
loads other than the loads acting upon it due to the pres- 
sure differential across the walls of the combustion 

30 chamber. 

[0029] The combustion chamber comprises a contin- 
uous heat shield type lining on its radially inner and outer 
interior surfaces. The lining comprises a series of heat 
resistant tiles 22 which are attached to the interior sur- 

35 face of the radially inner and outer walls of the combus- 
tor in a known manner. The upstream end of the com- 
bustion chamber comprises an annular end wall 24 
which includes a series of circumferential ly spaced ap- 
ertures 26 for receiving respective air fuel injection de- 

40 vices 28. The radially outer wall of the combustion 
chamber includes at least one opening 30 for receiving 
the end of an ignitor 32 which passes through a corre- 
sponding aperture in the outer casing 16 on which it is 
secured. 

45 [0030] The radially inner wall of the combustion cham- 
ber is provided with a plurality of circumferentially 
spaced apertures 34 for receiving the end part of a 
Helmholtz resonator damping tube 36. Each Helmholtz 
resonator 38 comprises a box like resonator cavity 40 

so which is in flow communication with the interior of the 
combustion chamber through the damping tube 36 
which extends radially from the resonator cavity 40 into 
the interior 41 of the combustor In the drawing of Figure 
1 the resonator cavity 40 extends circumferentially 

55 around part of the circumference of the combustion 
chamber inner casing 1 8 on the radially inner side there- 
of. The damping tube 36 extends through a respective 
aperture in the inner casing 18 in register with the aper- 
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ture34 in the combustion chamber inner wall. In this em- 
bodiment the damping tube has a substantially circular 
cross section although tubes having cross sections oth- 
er than circular may be used. The Helmholtz resonator 
38 is fixed to the inner casing 18 by fixing means 42 in 
the form of bolts, studs or the like. The resonator 38 is 
therefore mounted and supported independently of the 
combustion chamber 1 2. An annular sealing member 44 
is provided around the outer periphery of the tube to pro- 
vide a gas tight seal between the tube and the opening 
34. The tube provides for limited relative axial move- 
ment of the tube with respect to the combustion cham- 
ber so that substantially no load is transferred from the 
resonator tube to the combustion chamber during en- 
gine operation. 

[0031 ] As can best be seen in the cross section draw- 
ing of Figure 2, seven resonators 38 are positioned 
around the radially inner side of the combustion cham- 
ber inner casing 18. The resonators are arranged in two 
groups one including four resonators and the other 
group including the other three. The resonators have dif- 
ferent circumferential dimensions such that the volume 
of the respective cavities 40 of the resonators is different 
for each resonator. This difference in cavity volume has 
the effect of ensuring each resonator has a different res- 
onator frequency such that the respective resonators 38 
compliment one another in the sense that collectively 
the resonators operate over a wide frequency band to 
damp pressure oscillations in the combustion chamber 
over substantially the entire running range of the engine. 
Each resonator has a particularly frequency and the res- 
onator cavities 40 are sized such that the different res- 
onator frequencies do not substantially overlap. 
[0032] The resonator cavities are enclosed in an an- 
nular cavity 46 defined on one side by the combustion 
chamber inner casing 18 and along the other side by a 
windage shield 48, which, in use, functions to reduce 
windage losses between the box type resonators 38 and 
the high pressure engine shaft 50 when it rotates about 
the engine axis 52. The windage shield 48 extends an- 
nularly around the inner casing 18 to enclose ail seven 
resonators 38 in a streamlined manner so that windage 
losses are not generated by the dose proximity of the 
resonator cavities to the engine shaft 50. A further func- 
tion of the windage shield 48 is that it provides a con- 
tainment structure in the event of mechanical failure of 
any one of the resonators 38. In the event of a mechan- 
ical failure resulting in the loss of structural integrity of 
a resonator, or other engine components, the windage 
shield acts to prevent the occurrence of secondary dam- 
age to the engine by contact with the engine shaft 50. 
Apertures 53 are provided in the combustion chamber 
inner casing 18 to allow flow communication between 
the annular region 14, and the annular cavity 46 defined 
by the windage shield 48 and the combustion chamber 
inner casing 18. This ensures that, during engine oper- 
ation, the enclosed volume 46 of the windage shield is 
at the same pressure as the annular region 1 4surround- 
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ing the combustion chamber, which is at higher pressure 
than the combustion chamber interior 41 . The resultant 
pressure difference guarantees that, in the event of me- 
chanical failure of any one of the resonators, air flows 
5 air into the combustion chamber 12 from the enclosed 
volume 46, preventing the escape of hot exhaust gasses 
that would severely hazard, for example, the engine 
shaft 50. 

[0033] Referring now to Figures 3-5 which show var- 
w jous views of the damping tube 36 common to each of 
the resonators 38. As can be seen in Figure 3, the tube 
has a circular cross section with a plurality of circumfer- 
entially spaced cooling holes 54 formed in the tube wall. 
The cooling holes 54 are equally spaced around the 
is tube circumference and are inclined with respect to re- 
spective lines tangential to the tube circumference at the 
hole locations. As can be seen in the drawings of Fig- 
ures 4 and 5 two rows of cooling holes are provided in 
axially spaced relation along the length of the tube. In 
one embodiment the tube comprises twenty 0.5mm di- 
ameter holes in each row in a 16.0mm diameter tube. 
The rows of cooling holes are preferably positioned to- 
wards the open end of the tube in the combustion cham- 
ber. For instance, the first row of holes may be posi- 
tioned a quarter to a third of the way along the length of 
the tube from the combustion chamber end, with the 
second row approximately halfway along the tube. 
[0034] As shown in Figure 3, in the plane perpendic- 
ular to the longitudinal axis of the tube the cooling holes 
54 are angled so that they have both a radial and tan- 
gential component with respect to the circumference of 
the tube. Each hole is inclined at angle 45 degrees, as 
indicated by angle 56 in the drawing of Figure 3, with 
respect to the radial line 58 through the respective hole 
and the tube longitudinal axis. This promotes vortex flow 
on the interior surface of the tube when cooling air pass- 
es from the exterior region of the tube into the interior 
region thereof. 

[0035] Referring now to Figure 4, it can also be seen 
that the holes are angled with respect to the longitudinal 
axis 60 of the tube. In the illustrated embodiment the 
holes have an angle of 30 degrees, indicated by angle 
62 in the drawing, and are inclined towards the combus- 
tion chamber end of the tube such that the respective 
axis of the holes converge towards the tube axis 60. The 
three dimensional nature of the inclination of the holes 
with respect to the wall of the tube is more clearly pre- 
sented in Figure 5 which shows the path of respective 
laser beams 64 passing through the holes and the open 
end of the tube during laser drilling of the holes. As the 
beams follow a substantially straight line the beams are 
indicative of the cooling hole axes. 
[0036] Although aspects of the invention have been 
described with reference to the embodiments shown in 
the accompanying drawing, it is to be understood that 
the invention is not limited to those precise embodi- 
ments and that various changes and modifications may 
be effected without further inventive skill and effort. For 
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example, other cooling hole configurations may be used 
including arrangements where the holes are arranged 
inseveral rows, in line, or staggered with respect to each 
other, with different diameters, number of holes and an- 
gles depending on the specific cooling requirements of 
the particular combustion chamber application. In addi- 
tion, different shaped holes may be employed instead 
of substantially circular cross section holes. The draw- 
ings of Figures 1 and 2 show the resonators positioned 
on the radially inner side of the combustion chamber and 
mounted to the combustion chamber inner casing. In 
other embodiments the resonators may be located on 
the radially outer side of the combustion chamber and 
secured to the combustion chamber outer casing 1 6. In 
the latter arrangement a windage shield would not nec- 
essarily be required. 



Claims 

1. A combustion chamber for a gas turbine engine 
comprising at least one Helmholtz resonator having 
a resonator cavity and a damping tube in flow com- 
munication with the interior of the combustion 
chamber, the tube having at least one cooling hole 
extending through the wall thereof. 

2. A combustion chamber as claimed in Claim 1 
wherein a plurality of cooling holes are provided in 
the wall of the tube. 

3. A combustion chamber as claimed in Claim 2 
wherein the holes are circumferential ty spaced in at 
least one row extending around the circumference 
of the tube 

4. A combustion chamber as claimed in Claim 3 com- 
prising a plurality of axially spaced circumferential 
rows of cooling holes 

5. A combustion chamber as claimed in any of Claims 
2 to 4 wherein the holes are angled with respect to 
the longitudinal axis of the tube. 

6. A combustion chamber as claimed in Claim 5 
* wherein the holes are angled in a direction towards 

the combustion chamber end of the tube such that 
the respective axes of the holes converge in the di- 
rection of the combustion chamber. 

7. A combustion chamber as claimed in Claim 6 
wherein the angle of the holes with respect to the 
longitudinal axis of the tube is substantially in the 
range of 20 to 40 degrees. 

8. A combustion chamber as claimed in Claim 7 where 
the said angle is substantially 30 degrees. 



9. A combustion chamber as claimed in any of Claims 
2 to 8 wherein the said holes are angled with respect 
to the tube circumference. 

5 10. A combustion chamber as claimed in Claim 9 
wherein the holes have a tangential component 
substantially in the range of 30 to 60 degrees with 
respect to the tube circumference. 

10 11. A combustion chamber as claimed in Claim 10 
wherein the angle of the holes with respect to the 
tube circumference is substantially 45 degrees. 

12. A Helmholtz resonator for a gas turbine engine 
is combustion chamber; the said resonator having a 

resonator cavity and a damping tube for flow com- 
munication with the interior of the combustion 
chamber, the tube having at least one cooling hole 
extending through the wall thereof. 

20 

13. A combustion chamber for a gas turbine engine 
comprising at least one Helmholtz resonator having 
a cavity and a damping tube in flow communication 
with the interior of the combustion chamber, the said 

25 at least one resonator being supported with respect 
to the combustion chamber independently of the 
combustion chamber. 

14. A gas turbine engine combustion section including 
30 a combustion chamber, a combustion chamber in- 
ner casing and a combustion chamber outer casing; 
the said combustion chamber comprising at least 
one Helmholtz resonator having a cavity and a 
damping tube in flow communication with the inte- 
rs nor of the combustion chamber, the said at least one 

resonator being supported with respect to the com- 
bustion chamber independently of the combustion 
chamber by the said combustion chamber inner 
casing or the said outer casing. 

40 

15. A combustion section as claimed in Claim 14 where- 
in the said at least one resonator is/are supported 
by the said outer casing with the said resonator(s) 
positioned on the radially outer side of the combus- 
ts tion chamber or supported by the said Inner casing 

with the said resonators) positioned on the radially 
inner side of the combustion chamber. 

16. A combustion section as claimed in Claim 14 or 
so Claim 1 5 wherein the said at least one resonator is/ 

are supported by the said inner casing with the said 
resonator(s) positioned on the radially inner side of 
the combustion chamber and enclosed within a cav- 
ity provided between the said inner casing and a 
55 windage shield on a radially inner side of the said 
casing. 

17. A gas turbine engine combustion section including 
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a combustion chamber and at least a combustion 
chamber inner casing; the said combustion cham- 
ber comprising at least one Helmholtz resonator 
having a cavity and a damping tube in flow commu- 
nication with the interior of the combustion cham- 
ber, the said at least one resonator being at least 
partially enclosed within a cavity provided between 
the said inner casing and a windage shield on a ra- 
dially inner side of the said casing. 

18. A combustion section as claimed in Claim 1 / where- 
in the said combustor comprises a plurality of res- 
onators, each enclosed within the said cavity pro- 
vided by the said windage shield. 

19. A combustion section as claimed in Claim 1 8 where- 
in the said plurality of resonators are circumferen- 
tially spaced around the combustion chamber. 

20. A combustion chamber for a gas turbine engine 
comprising a plurality of Helmholtz resonators each 
having a cavity and a damping tube in flow commu- 
nication with the interior of the combustion cham- 
ber, the said resonators being circumferentially 
spaced around the combustion chamber with the re- 
spective cavities of diametrically opposed resona- 
tors having substantially different volumes. 

21. A combustion chamber as claimed in Claim 20 
. wherein the said resonators are circumferentially 
. spaced around the combustion chamber with the 

cavities of respective resonators having succes- 
sively smaller volumes. 

22. A combustion chamber for a gas turbine engine 
comprising at least one Helmholtz resonator having 
a resonator cavity and a damping tube in flow com- 
munication with the interior of the combustion 
chamber, the said cavity having substantially similar 
principle dimensions. 

23. A combustion chamber as claimed in Claim 22 
wherein the said cavity has a substantially spherical 
or cubic shape. 

24. A combustion chamber for a gas turbine engine of 
the type having a plurality of heal shield type tiles 
lining the interior surface of the combustion cham- 
ber; the combustion chamber comprising at least 
one Helmholtz resonator having a cavity and a 
damping tube in flow communication with the inte- 
rior of the combustion chamber with the tube having 
an opening in the interior of the combustion cham- 
ber substantially flush with the interior surface of the 
tiled lining. 

25. A combustion chamber substantially as hereinbe- 
fore described and/or with reference to the accom- 



panying drawings. 

26. A gas turbine engine combustion section substan- 
tially as hereinbefore described and/or with refer- 
5 ence to the accompanying drawings. 
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